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(54) SEMICONDUCTOR LIGHT EMITTING DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To reduce the threshold 
carrier density of a gallium nitride-based compound 
semiconductor laser by reducing the state density of a 
valence band and increasing the transition probability 
of the band. 

SOLUTION: A quantum well active layer 4 having a biaxial 
tensile strain is grown on a substrate crystal 1 having 
plane orientation of (1-100)-plane, (1 1-20)-plane, or an 
equivalent plane, and a resonator is constituted in the 
direction perpendicular to the (0001 )-direction. 
Therefore, the state density of the upper part of a 
valence band can be reduced and, at the same time, the 
transition probability of the band can be increased. In 
addition, a gallium nitride-based compound 
semiconductor laser can be obtained, because the 
threshold current density can be reduced. 
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1-20) ®, ss^ttdni^i-ciss^a 
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ft^T&oT, ±SB« ; f#FStt»*« (1-10 0) 
*ai±C»j8SnTiD. ±EfiT#Fei4/§©#F 

»*©*?**J:o<hSv»wr«ij«*nTv»*it* 10 
m=?#wm& e £x * -> v it*^#i^ 

ftiii^T&^T, lEi^FSttia* (1 1-20) 

«*if±ic»j«snr*»j, ±E*^#F?£teJi©#F 
=*tt«a©m»ttMrc©*rFje**«±ESB— © 

M#K3] 4Mra5f*D«H*l~2*fcE*©¥** 
SBfcJR'PlC&HT, [0 0 0 1] ^iSjiSSfc^lSjlCS 

[«f**4] 4*«F»*©«!lfflJB 1 ~ 3 WCE«©*i»# 
SWfcJK^KfcH-C, ±ffit^#FffittI*« ImGayA 
1 1-x-yNzA s 1-z (0<x^ 1 , 0<y2 1, 0<z 

£1) T*rtaftTV»«Hfc*««£T**WfW»fc* 
1% 30 

rat** si &VFm&<D$iwm i ~ 4m~zmv>¥mfr& 

#*FK:*v»T. JiES— (DMifiZ nO*«±tcxhf 

[W#316] »IMII#©«H»l~5*E«©¥j*fl:« 
ftSITKHBHT. %S&S*<3 5 0 nm~5 5 0 nmT 

[3S9!©#MftI&9!] 
[0 0 0 1] 

BM!0>M-r*«*?a»] sWMittSMMfUSAJMSd 40 
^fcJKttSRTfc W-T-6. 

[0 0 0 2] 

[tfofeWSffi] GaN, G a A 1 N. InGaN, In 
G a A 1 N*oafl5* U ■JA^ft^^^frttiSIt 

-f7S«li:MLfcZ n K-y I nGaNJI£3gft/I 
V>-5(S. Nakamura et al., Appl. Phys. Lett., 64(199 50 
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4) 1687). Z nOS«-hfC^b»^»CJ;-5^ 

«€tt'>L&S{fc;#'.J 9A*SBC*^*t#B|jp5 - 2 0 
6 5 1 3&$&KBl!^£ttTI/><5. L^U £ft£T«S1j 

[0 0 0 3] 

HT««£ AlC J: -5. tf^Jg^EJffiT* 5 
©tt. ^OtmjROflWP U# 

S&MG a N©S©&im§-§-©r ^fl-iawfattT^-hSB© 

[0004] b^-ic. r^fcMSftrtSB©^©^^ 
h;uk (^5©««i©iSlgcicffiS) a* roj 

iMffiSf^Mtrio r*©x^;i/^— fiHoir^yj -y h 

£©Ho©/OK£r^©SSM»&©:t*aiT', <£ 
ftl^nhh (heavy hole) 1, h 
h2. 1 h (light hole) iH?^<d t\Z~? 
Z>. GaN©ffi*^±a5©«g8^S«G a A s^©— 
I I -V*¥i^itt«UT;fc*Wfc», U— 

3»#T?tt. h h 1 t h h 2 ©&ffrSlgc©ttS #|b! UTf* 
-5fca6, S^lD^Tfch h 1 , hh2©lW-77' 

[0 0 0 5] *«W4a{b#U *AJRflS^*l¥*#©3l 
oSDSCJ: •5ffi*T^-hS8©«Si^^©^« t^^g 

[0 0 0 6] 

[gg)S£«*fe-r5 £©©#{£] *^©SYbJ?U^A3K 

(1-10 0) ffi±lcntttt©§lt?9iD2*t)t3*?# 
FjSttJf*J«*U g&8&£|g 1 ©i^S© [0 0 0 1] 
fftlCSEfc^fSl. f&fr^ [1 1-2 0] ^ftlCffrSi-r 
5Ct6»lit5. *7t. m-©^S© (11-2 
0) jS±C:r|M£©3lo!HD£*fcoettJi*j*ftU 

[0 0 0 1 ] ttKSfltfc^ffi, ffcfefc [ 1 - 
10 0] 3frfflKfP»rS£fcfcJ;oTfcH«©J»*s# 
5ut*«Tt«. JtE©3l— ©^a©E^fi:*< 

(1-10 0) *«Htt (l 1-20) A»S 1 0gJ£(f*g 

a. (i) gtt«i*«t«-r*is«©ctt*<*^d«jgj«s 

ft**«©*ffifc*tLTK¥frT»D. (2) f£te 

Ji©#FJl»Ctt§lo5IOS* t JOx.5.nT^*<tlr^#tjfi 



co oo 7] mfutv jvymmG a nk 2 %<D-<&fH4§i 

9 M£WJ!nrf-5 zfSlig^'SfcS 1 h/\*>K** 

±ffl0tC->7 hLc^-r^fe^ [0 0 0 1] $&ICWr&* 

sp^> c wkw (Wi> K»-r* 

TV**. Ifc^oT, if#PSttI* [0 0 0 11 1 

ksbs:*isi. -r&fc^ (l-ioo) w&z>w& (i 
i-2o) ®. * & « cm £ 3H*fca± \zm& b , 3i o 

si 
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[0 0 0 8] St, (1-100) (11- 
2 0) ®±lca^#F€rJgfiSc-r^i:fi^#F®rtcDS^ 

wr. a*tt*t (l-ioo) -c**»^#F©rjacKft 

»***»fr^»* tt, (0 0 0 1 ) BK:^ 

&5. Silt G aNif #Fi:feit«/o l««T?OJK 

[0 0 0 9] 
Ml] 





(0001) 
MM 


(1-100) 


TE^B— K 


7.62 eV 


13.2 eV 
(«* [0001]) 


0.92 eV 

(fitt [11-20]) 




0 eV 


1.05 eV 



[0010] SliO, (1 - 1 0 0) ®_LcD§lo3i9 

£*F#pT?tti*au&s [oooi] trnt^iai. t 
fcfc-sci 1-2 o]*rsjfc»rit-rntf. m&mm*2fa 

l+tU7f^fi«Stl. *ftj!fy!7A*iHM(i|/- 30 
[0 0 11] 

[0 0 12] 0^coj;^lc, tf 
tt. (1-100) InfZnOMUl;, ««lt 
»fI^ninGaN;ty77l2, S i$K-7b 
fcn-InGaAlNi3, 7>K-7"MJ»#P* 
S&57§ttJi4» MgS h'-yi/fep- I nGaAl N 

n — I nGaAl NJS 3 , p-InGa 
A l NS 5 ©Rfftt-tJ'Hfi'l. 2 Aim. 0. 15(im, 
0. 15umtfS-5. 7>K-7#iIf#Fffittl4 
«. JS^LT^Ut.fc^lC, In,.,Ga,. ( Al,.,N 
P^S® (fl£JP8 nm) 6iIn,.,Ga,., N#Ff (flg 
i4nm) 7*«3SSlc«Jl»J«*nfcz:«a^#F«jfi 
SWTS. £Z.T'#F s m7<D&.l$.ttlt, ZnOOttft 



|JXA-oSfil OlBCnffl I ntS8, plinG 
aAl Njg5KA lilSSlfbfc©^, (11-2 
0) ®T^#BBl, [1 1-2 0] ^Flfij (01<3Dgtt®4 
<£>flj®fl!) ICSS*<J8 0 0 tfmW#cJgig£Jgj5£L¥3S#: 
tf*flsBt5. If tt*ilfiU3V»TL# 

V»«*S»!I5 OmATiaagl/fc. f£S2fcgti#?J4 2 

0 nmfSoL 

[0 0 13] **MWlcfiV»T. Z nOgSCDHTJ-ft* 
(11-20) IfcL, #ig§g£ [1-100] 

**»0«£*ir»T, znOSficiM* (1-10 

0) B*£ [0 0 0 1] ^(fillc 1 0S«^bfcIiL, 
#S3§£ [1 1-2 0] 3Bn4£»j£Lfe¥*flcl'---*l l £ 

[0 0 14] #fc#»§8*-©flifi«SH2*fflV>TISi 

[0 0 1 5] m^:<D^o\Z. (1-100) InlZn 
OS-El ±(CfiKSbfc I nl-xG axNCDMj&x^O . 8 
ri> S 0 . 5 £ TSMWlC^fc-T-S I n G a NMfigM^® 

1 1 ±IC. fOj&tt&JB 1 1 l:#f«^t5 I n,.iGa 
..,N/l77rI12, S i 7lftn- I nGa 

a in® i3. 7>F-7&mm.^#wfr*>tzz>m&m 

14. Mg$ - InGaAINil 5 j&*JH 
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112, n — I n G a A 1 N® 1 3 . p-InGaAl 
N/115 roj^Jltt^-n^'n. 2 y m. 0 . 15/im, 
0. 1 5itmT**. 7>K-7 r #S« : F#Fett»l 
4tt. &*cLT^Ufc=k-5<i. I n 0 . j s G a 0 . $ A 1 
..i.Ngil (if 5nm) 1 6 t. I n,. , G a„. , N# 
F® (J&J¥3nm) 1 7#3SSlC«»»jdiSttfc-M 
^FlJIJfitfl-r*. £;IT#F®1 7 CD3&fi£!£te, I 
n 0 . , Ga,. , N/ty 7 7lO*f a t l/ftt*. 

uni^©^SOfnAa/a*«-2. 0%£ft5 10 

gSlCnflJ 1 ntt@8, pi I n G a A 1 N® 5 ICA 1 
1^95111^, (11-20) It^Mb 
[11-20] TjfalCfi;*^ 8 0 0 « m<D&M2&&Mf& 

y*ffs«r*. 3M*wflcu— tm^&icij 

«*«J4 5 0 nmtf*ofc. 

[0 0 16] ±f2co|li&0tJ-e«*^#F®<!:LT I nG 
aN, SfiibTZnO^f Wc^. *&m<D5&?tm? 20 

4 est 1 1 *«Tr#*. 

[0 0 17] H3fc*Ufc*3|#U— !f«. nSZnO 
Sffi l cd (l-ioo) ®±(r, l t#fS^t5 

InGaN;^7 7i2*«J*ftSn. CCAj»77l2 
ii:n-InGaAlNI3, 7>h'-7*-lf#F 
ffitt® 2 1. p-InGaAIN77yKl5 

: F#Fffitti2 ltt. *S^:bT^b7tJ;5{C. GaN 30 
chAs,.,,^! (R»5nm) 2 2 I n„. , G a 
i.iA1i.,NMHI (R9l0nm) 2 3fctt3 3ift;fc 
¥-M^#F«lig*Wt--5. IiT#FB2 2coafSft 

$»®fnAa/ai«-l. 8 36i^:-5«b-5tCiS:3£$n 

iaCLTffSnfc^XA-CD*^ l colllcni I n 
ttH8. piInGaAlNI5i;Alfg9SIfb 
fcO-fe, (11-20) [11-20] J 

fa(C£££j8 0 0 «m®A8»£ffj£ls¥*#l'--!f« 40 

&5 OmATraMWeaixfc. fg^jZ5E§tt*<J4 5 0 nmT 

[0 0 18] 0 4lC^Lfc¥«#U-im. *77-f7 
g«3 ICO ( 1 - 1 0 0) ®±IC. InGaNA'777 
H2*<fiKS$n, Cffl/ty77l2±lCn-InGaA 

IN® 3, 7>K-7Mif#FMttl4 < p-In 
GaAlN^7'; Kft5#M*M£ttTJf|j&SttTV> 
«. Cin5c0S-®«*«&S^ffijSfi&»CJ:»3xhf^^ 
S'-fJI'fSSSftS. CdT?lf#FSttl4«, 50 
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T^UfcJc^lC. I n,.iCai.(AI,.i NPtg® (Jjg 
J»8nm) 6 £ I n,. , Ga,., N#F® <B85 4nm) 

7 a^xsc 2 ®wa®^$nfe^-aa^#F«jfi*w 

"TS. :iT#FI 7 COifaj5£tfcte. InGaNA'y77 
Scofc^jfegtSra £Lfc<h#. dtl^e.cOt&^S:coT 
ft4a/a«t-l. •8X£ft*J:3KI!B£3nT*»J, 
~ttttco§lo?10M*^j!jn$nTVi-5„ jULLco=fc5(;:L 
Tf#5ftfc£XA— CDp- InGaAlN777h'15 
£S^#FSr£® 4 co— g$£x ^>if\z «fc 0 3i 0 Nt 
n — I n G a A 1 Ni7 7 y K® 3 SrStbS-fr. p- 
h'itn-?75» K®ICA 1 ®S9 £3£«U;tCD 
5, (1 1 -2 0) ®T!"x£»U [i i -2 0] jfrfalc 
S£*<J8 0 0 m©ftfi»*»j«L4f**#U— -IfSffifi 

OmATT&^fgJgLfc. «SfeStt*54 2 0 nmT$o 

[0019] ^*5. *^ag«. mmm\zmLtzu-+fm 

SlU— !f. 77-y^SlfIl/- tf\ JftftBiSE^— y, ^ 

[0 0 2 0] 

ft^**»#«**^J4. S^ftj&t (1-10 0) H, 
fcSUtt (1 1-2 0) ffiTr**at#ttft±|c=tttteD 

[0 0 0 1] #(^KSiift*^IlCfP»LTV»<503Tr. 
[0 0 2 1] 

[01] *38W*B«Oi|£5»*U— !fco#|figH. 
[0 2] *3!9ifyfi0ijco#£ffc^— tfol&jBSB. 
[0 3] *«W*M«©**#U— tfo*j«H. 
[04] *»^*tfi«®^3HS»:l^— »fo«|J56H. 
[0 5] SCO^V^-g-CO^^yiSSJGaNCOffim^i 

gBcox^u^-^f&^tm . 
[06] 2XzU*tt5lt»a»3«S9JlnUfc»^-or>;i/y 

[«F^©Sft9!] 

1- (1-10 0) SnlZnOSi, 2 ••• I n G a N 
Ay 7 7®, 3 — n - I n G a A 1 N®, 4 —T> K — 
y#-Sa^#Fffi'l4®. 5-p- I nG a A 1 N®. 6 
— I n 0 . i G a«. i A 1 «. i N^g®, 7 — I n,. , Ga 
»..N#F®, 8-lnfI, 9 -A ltt®, 11- I 
nGaNSa^M^t-®, 12—1 n 0 . ,Ga,., NA'777 
®. 1 3-n- I nGa A 1 N®. 14-7>h'-^ 
l§f#FgttI, 1 5-p- I nGa A 1 N®. 16 
••• I n..,, Ga,., A 1 ....Nif®, 1 7-1 n,.,C 




Wave number (nm-l) Wave number (nm i) 
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